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MO PAU
1. Ly do lwa chon deé tai

Cac hop chét di vong tir 1au da duoc nghién ciu va tng dung
trong nhiéu nganh khoa hoc, ki thuét, ciing nhu trong doi séng. Nam
trong s6 nhitng di vong phd bién nhét, cac dan xuat cua thiophene,
quinoxaline va furan la thanh phan quan trong ciia nhiéu hop chat thién
nhién, dugc pham, mi pham hay céc loai vat liéu c6 chic ning da dang
khéc nhau. Mic du d ¢ nhiéu phuong phap téng hop céc di vong trén
duogc biét dén nhung hoa hoc hitu co hién dai van luén huéng dén tim
kiém va phat trién cac phan tng tong hop mai nham dat dwoc hidu qua
kinh té cao hon, than thién v&i méi trudng hon.

Str dung truc tiép luu huynh trong cac qué trinh téng hop di
vong la mot huéng nghién ciru rat dang cha y. Luu huynh 1a mét nguon
nguyén liéu tho ré tién va dé kiém. Mat khac, luu huynh khéng gay
doc, trong d6i bén, khdng mui va khdng hat am & nhiét do thuong nén
rat thich hop cho tong hop hitu co néi chung va tong hop di vong néi
riéng. Trong cac phan tmg, luu huynh c6 thé dong vai tro 13 ngudn
cung luu huynh cho phéan tir myc tiéu. Thay vi st dung céc chat dau
chtra Ivu huynh ¢6 mui khé chiu, doc hai, doi khi rat dat tién va kho
téng hop, sir dung truc tiép luu huynh s& dem dén wu diém vuot troi
cho phuong phap tong hop. Mit khéc, luu huynh ciing ¢ thé dong
thoi dong vai tro 1a chét oxy hda, chit khir hay chat xc tac trong qua
trinh t6ng hop. Kha nang phan tng linh hoat caa luu huynh chinh Ia
mot lgi thé 16n so véi cac tdc nhan khac.

O nhiét d6 thuong, luu huynh 1a chat tuong ddi kém hoat
dong. Khi dun nong thi kha nang phan ¢mg cta luu huynh tang 1én rat
nhiéu, dic biét 1a véi su cd mat cua cac base, ion kim loai chuyén tiép
hoic cac phuc chat thich hop. Khi thay ddi cac diéu kién hoat hda khéac
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nhau thi hoat tinh ciia Ivu huynh ciing thay doi rat nhiéu. Diéu nay
dem lai sy da dang va linh hoat ctia Iuu huynh trong cac qua trinh tong
hop nhung ciing lam cho viéc dy doan chinh xac xu hudng phan tng
con gap nhiéu khé khan. Gan day, mac du céc nghién ciu vé sir dung
Iru huynh trong tong hop cac hop chét di vong da khong ngimg ting
1én, nhung tiém ning cua loai phan @ng nay van con rat 16n. Nhiéu bo
khung di vong quan trong, ¢ kha nang ang dung trong thuc tién cao
nhu cac 2-aryl-3-cyanothiophene, 3-arylquinoxaline-2-thione va furan
da nhom thé van chua dugc téng hop thanh céng bang cac phan ang
str dung truc tiép luu huynh. Nhu vay, viéc phét trién cac phan tng
méi sir dung luu huynh trong tong hop di vong rat c6 ¥ nghia vé mat
khoa hoc, kinh té va méi truong. Do d6, nghién ctru sinh da trién khai
luan &n tién si véi chu dé: “Nghién ciru, phét trién mat sé phan &ng
tong hop cac din xuit cia thiophene, quinoxaline va furan bang
viéc sir dung lwu huynh”.
2. Muc dich cia luian an

Muc dich cua luan an la nghién ciru xdy dung cac phuong
phdp méi sir dung tryc tiép luu huynh, hiéu qua cao, than thién véi
mdi trudng dé didu ché cac di vong quan trong, ¢ nhiéu wng dung
gom cac dan xuat thiophene, quinoxaline va furan.
3. Pdi twong va pham vi nghién ciéu cia luan an

Luan &n tap trung nghién ctu téng hop cac 2-aryl-3-
cyanothiophene bang phan tng ba thanh phan sir dung luu huynh, cac
chalcone va benzoylacetonitrile; téng hop truc tiép cac 3-
arylquinoxaline-2-thione sur dung luu huynh, cac phenylacetylene va
o-phenylenediamine; tong hop cac dan xuét furan da nhom thé bang
qué trinh oxy hoa cac pentan-1-one sir dung hé S¢/DMSO. Cau tric

cua c4c san pham sinh ra dugc xac dinh bang cac phuong phap hoa 1y
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hién dai nhu 'H NMR, C NMR, HRMS va phan tich nhiéu xa don
tinh thé tia X. Co ché cho cac phan tng dugc nghién ctru va dé xuat.
4.Y nghia khoa hoc va thuc tién cia luan an

Luan an g6p phan tim kiém cac phwong phap téng hgp moi
d6i vai 16p hop chét di vong thiophene, quinoxaline va furan c6 nhiéu
rng dung trong céac linh vyc thyc tién nhu duoc pham, vat liéu... Cac
phuong phap t6ng hop méi than thién véi méi truong, st dung nguyén
liéu dau ré tién, d& dang tinh ché san pham, ¢ kha ning ung dung
trong san xuat véi hiéu qua kinh té thiét thuc.
5. Nhirng déng gop mai caa luan an

Luan 4n da phat trién mot phuwong phap méi hiéu qua nham
téng hop hai loai dan xuat quan trong cua thiophene théng qua phan
tng ba thanh phan st dung lwu huynh, céc chalcone va
benzoylacetonitrile. Trong d6, 25 hop chét 2-aryl-3-cyanothiophene
duoc tong hop thanh cdng vai hiéu suat 42-78% kém theo 22 hop chat
2-aminothiophene khac nhau. Phuong phép ciing duoc &p dung dé
t6ng hop 10 hop chat thiophene-3-carboxylate véi hiéu suit 46-78%.

Luan 4n di xay dung thanh cong phwong phap tdng hop bo
khung 3-arylquinoxaline-2-thione bang phan tng mét binh (one-pot)
su dung luu huynh, cac phenylacetylene va o-phenylenediamine. San
pham c6 thé tinh ché d& dang bang cach loc rira don gian. Tir do, tong
hop 38 hop chit 3-arylquinoxaline-2-thione véi hiéu suat 50-96%.

Luan &n lan dau tién da phat trién thanh cong mot phuong
phép mai téng hop cac furan da nhom thé bang cach sir dung hé
Se/DMSO dong vai tro tac nhén oxy hoda cho qua trinh vong hoa tach
hydrogen ciia cac pentan-1-one tao thanh céc dan xuat furan da nhom
thé. Tur do, tong hop 32 dan xuat furan mang bén nhém thé bang
phuong phap méi véi hiéu suat 61-78%.
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CHUONG 1: TONG QUAN

1.1 Téng hop cac din xuat thiophene

1.1.1 Téng hop cac 2-aminothiophene sir dung lru huynh

1.1.2 Téng hep céc arylthiophene sir dung luu huynh

1.1.3 Téng hop céc 2-aryl-3-cyanothiophene

Thong qua viéc tom tit cac két qua nghién ciru gan day vé phuong
phép tong hop céc dan xuat thiophene str dung lwu huynh cho thay van
chua c6 cong bd téng hop thanh coéng bo khung 2-aryl-3-
cyanothiophene. Trong khi d6, cac 3-cyanothiophene thuong dong vai
trd lam chat trung gian trong cac qua trinh téng hop do kha ning
chuyén hoa da dang va d& dang cia nhém 3-cyano thanh cac nhém
chirc khac nhu aldehyde, ketone, carboxylic acid, amide, thioamide,
imidate, methylamino... Hon nfta, cdc phan ta 2-aryl-3-
cyanothiophene da nhom thé lién hop da cho thay tiém ning Gng dung
trong phat trién cac pin mit troi hitu co. Thong thudng, phuong phap
téng hop hé thiophene lién hop mang cac nhom hat/ddy electron chu
yéu dya vao cac phan tng ghép mach trong do sir dung cac dan xuét
halogene cua thiophene va cac tac nhan co kim loai. Tuy nhién, ngay
ca khi phan ung ghép mach c6 thé dat duoc hiéu suat cao, qué trinh
t6ng hop thuong cé hidu suat sir dung nguyén tir va hiéu suat toan phan
thap do can c6 thém cac bude dé diéu ché chat dau. Hon nita, sau phan
ing ghép mach, can phai tién hanh tinh ché san pham thé dé loai bo
thanh phan kim loai. Do 6, viéc xay dung céc phan ng tong hop mai,
da thanh phan (trong d6 c¢6 luu huynh don chat) va khong sir dung kim
loai cho bo khung 2-aryl-3-cyanothiophene dang 1a mét lya chon day
hira hen gilp giam sb budc thuc hién va nang cao hiéu suat nguyén tir
ctia toan qua trinh tong hop.



1.2 Téng hop cac din xuat quinoxaline

1.2.1 Tong hep din xuat quinoxaline sit dung céac ketone

1.2.2 Tong hep din xuat quinoxaline sit dung céc alcohol

1.2.3 Tong hop din xuit quinoxaline sir dung cac alkyne

1.2.4 Tong hep din xuit quinoxaline sir dung luu huynh

1.2.5 Téng hep céac 3-arylquinoxaline-2-thione

Thong qua viéc tom tat cac két qua nghién cau gan day vé
phuong phap t6ng hop cac dan xuat quinoxaline sir dung luu huynh
cho thdy, mic du phuong phap tong hop bo khung quinoxaline c6 sir
dung lwu huynh di dwoc phét trién trong hon chuc nim qua nhung sb
luong ciing nhu phd chat van con han ché, hau hét cong bé déu sir
dung cac hop chat carbonyl. Trong khi d6, chién lugc chirc hda truc
tiép cac alkyne dau mach théng qua quéa trinh oxy hoa lién két C=C
cua alkyne dé thu dugc cac hop chat 1,2-dicarbonyl, sau 6 phan tng
VvGi 0-phenylenediamine dé tao ra quinoxaline da duoc tién hanh rat
thanh cdng vai cac xuc tac chira kim loai chuyén tiép. Tuy nhién, ngoai
chi phi dang ké cua chét xic tac chtra kim loai quy va phéi tir, con c6
hai han ché quan trong ciia phuwong phap: (1) loai bo can kim loai khoi
san pham, dic biét 1a cho cac tng dung duoc pham; (2) qua trinh oxy
hoa khéng mong mudn cua o-phenylenediamine. Do d6, viéc xay dung
phuong phap méi tdng hop vong quinoxaline tir cac hop chat alkyne
str dung truc tiép luu huynh rat c6 y nghia ca vé ly thuyét va thuc tién.
1.3 Tong hop cac din xuat furan da nhom thé

1.3.1 Céac phan wng khong oxy hoa khir tao vong furan

1.3.2 Céc phan ing tao vong furan co sir dung kim loai
chuyén tiép

1.3.3 Céc phan wng tao vong furan khong sir dung kim loai
chuyén tiép



Thong qua viéc tom tat cac két qua nghién ciu gan day cia
phuong phép tong hop cac dan xuat furan da nhom thé cho thiy ton
tai mot s6 nhuoc diém nhu diéu kién khac nghiét (sir dung mai truong
acid hoac base manh), khong than thién vai mai truong (su dung kim
loai chuyén tiép). Ngoai ra, trong khi cac cong b vé tong hop vong
furan sir dung iodine khé phong pha thi d&én nay van chua c6 phan @ng
tuong tu st dung truc tiép luu huynh. So véi iodine thi luu huynh 1a
nguyén liéu ré tién, dé thao tac hon nhiéu. Vi vay, viéc tim kiém,
nghién ctru phan ung tong hop vong furan st dung luu huynh rat c6
tinh méi, dem lai y nghia thiét thuc ca vé ly thuyét va thuc tién.

CHUONG 2: THUC NGHIEM
2.1 Tong hop cac dan xuat thiophene
2.1.1 Téng hep cac 2-aryl-3-cyanothiophene va 2-
aminothiophene

S
1 8
o DABCO, 20mol% Ay CN (2 equiv)
+ —_—— —_—
= NC 3
ArZJK/\AH Qk DMSO, 0.2mL 4 A go°c, 16 h
11 1.2 80 °C, 30-60 min 1A
(1 mmol, 1 equiv) (1,05 equiv) :
A, 5 AR
s/ \ 2, 5/ \ )
NH,
13

So do 2.1. Téng hap céc 2-aryl-3-cyanothiophene va
2-aminothiophene.

Han hop gom chalcone 1.1 (1 mmol), benzoylacetonitrile 1.2
(1,05 mmol) va DABCO (22 mg, 0,2 mmol) véi DMSO (0,2 mL)
trong 6ng phan @ng 7-mL day kin véi nip cao su dugc dun nong &
80°C khoang 30-60 min. Sau khi phan tng cong Michael két thic,
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thém sulfur (64 mg, 2 mmol) vao hdn hop phan ung trong éng, day
kin dng lai mot 1an nira ma khong lam gian doan qua trinh khuy rdi
dun néng & 80°C thém 16 h. Hon hop sau d6 dugc lam ngudi & nhiét
d6 phong va tinh ché bang sic ki cot trén silica gel (dung moi
hexane/ethyl acetate tur 95/5 toi 70/30).

2.1.2 Tong hep céc ethyl thiophene-3-carboxylate

S
1 8
o] o) DABCO, 20mol% Hza (2 equiv)
= * EtO,C ]
Arzlk/\Aﬂ 2 \)kPh DMSO, 02mL ] d Ph  g0.120 °c
11 15 80 °C, 30 min A3 16 h
(1 mmol, 1 equiv) (1,05 equiv)
]
Arl , 5 CO.Et
Oyﬁm
5~ Ph
Ar?
1.6

So do 2.2. Tong hop céac ethyl thiophene-3-carboxylate.

Hon hop gém chalcone 1.1 (1 mmol), ethyl benzoylacetate 1.5
(2,2 mg, 1,05 mmol) va DABCO (22 mg, 0,2 mmol) véi DMSO (0,2
mL) trong dng phan tmg 7 mL déy kin véi nép cao su dugce dun nong
& khoang 80-120°C. Sau khi phan ung cong Michael két thic, thém
sulfur (64 mg, 2 mmol) vao hdn hop phan wng trong dng, day kin 6ng
phan ng lai mot 1an nita ma khong lam gian doan qué trinh khuay roi
dun néng & 80-120°C thém 16 h. HAn hop sau d6 dugc lam ngudi vé
nhiét d6 phong va tinh ché bang sic ki cot véi silica gel (hexane:ethyl
acetate 95:5 tGi 70:30) thu duoc san pham 1.6 1a chat rin mau vang.
2.2 Tong hep cac 3-arylquinoxaline-2-thione

Lan luot cho o-phenyldiamine 2.1 (1,2 mmol; 1,2 equiv),

sulfur (1,5 mmol), phenylacetylene 2.2 (1,0 mmol; 1,0 equiv), DMSO
(0,2 mL) va DABCO (0,2 mmol) vao éng phan tng 10 mL rdi day
chit bang nut cao su. Pun néng hdn hop & 80°C trong 16h. Hon hop

7



duoc dé nguoi vé nhiét ¢6 phong rdi cho thém 3 mL MeOH. San pham
2.3 ¢ dang két tia mau vang duoc loc va raa 3 1an, mdi lan 2 mL
MeOH/CH.Cl, (ti 1& 1/9) rdi 1am khé trong chan khong.

NH Sg (1.5 equiv)
N 2 DABCO (0.2 equiv)
R I + \\\
Z NH» Ar DMSO (0.2 mL)
21 22 80°C, 16 h

So do 2.3. Tong hop cac ddn xuat qumoxallne.

2.3 Tﬁng ho’p cac dan xuét furan da nh6m thé
1. DBU (0,1 equiv.)

DMSO (0,2 mL), 80°C, 2h
1~
Ref + R ‘ 2. Sg (2 equiv.)

DABCO (2 equiv.), 120°C, 16h

So do 2.4. Tong hop céc dan xuat furan.

Hon hop cua 3.1 (0,5 mmol; 1,0 equiv), deoxybenzoin 3.2
(0,51 mmol), DBU (8 mg; 0,05 mmol; 0,1 equiv) va DMSO (0,2 mL)
chura trong 6ng phan tmg 7 mL day kin bang nap nhya duoc khudy va
dun néng ¢ 80°C trong 2 h. Sau d6, thém tiép sulfur (32 g, 1 mmol) va
DABCO (11 mg; 0,1 mmol; 2 equiv) vao éng phan ung roi khudy va
dun nong & 120°C trong 16 h. Sau khi dé ngudi, hdn hop phan ng
dugc hoa tan trong ethyl acetate (10 mL). Dung dich thu dugc dem
rira lan luot véi nuéc (4 mL) va dung dich NH4CI 10% (2 mL). Lép
hitu co dugc 1am khd véi MgSO, khan, loc va c6 quay dudi &p suat
thap. Phan ran thu duoc dem tinh ché bang phwong phap sic ky cot
silica gel voi hé dung moéi hexane/ ethyl acetate (95:5) thu duoc 3.3.



CHUONG 3: KET QUA VA THAO LUAN

3.1 Tong hep cac 2-aryl-3-cyanothiophene

Khi cho chalcone 1.1 tac dung véi benzoylacetonitrile 1.2 thu
duoc 3-cyanothiophene 1.4 1a san pham chinh va 2-aminothiophene
1.3 1a san pham phu (So db 3.3). O giai doan thtr nhat, phan &ng cong
Michael ctia hon hop dong mole 1.1 va 1.2 Xy ra binh thudng voi sy
c6 mat cia DABCO 1a xtic tic base dé tao thanh san pham cong 1.A
VGi hiéu suat toan luong trong 30 phit & 80°C. Sau d6, luu huynh duoc
thém vao hé phan tng va qua trinh gia nhiét duoc tiép tuc ¢ 80°C. Két
qua tao ra hdn hop san pham gém hai dan xuat thiophene 1.3 va 1.4
c6 thé d& dang phan tach ra khoi nhau bang sic ky cot trén silica gel.
Ngoai ra, biang cach nghién hdn hop sau phan ng voi metanol, rdi
dem loc va rira phan khong tan véi metanol s& d& dang ¢ lap duoc san
pham chinh 2-aryl-3-cyanothiophene 1.4.

o) o) DABCO (20mol %) | w
NC 3
ArZJJ\/\AH + \)J\Are’ DMSO (0,2 mL) 2 Ar
1.1 1.2 80°C, 30 min A ©
1.A
S |
80°C, 16 h

"\ 8 Arl 4 3
@2\3+0ﬁ

Sor do 3.3. Khdo sat phan ung giira chalcone 1.1 va
benzoylacetonitrile 1.2.

Pham vi &p dung cua phan tng duoc khao sat bang cach sir
dung céc chalcone 1.1 va benzoylacetonitrile 1.2 khac nhau (Bang 3.1)
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Bang 3.1. Khdo sat pham vi cia phan #ng giia chalcone va
benzoylacetonitrile.

TN | ArY/Ar?/Ard Hicu suat (%)

1.3 14
Thay déi c&c chalcone 1.1
1 4-F3C-CgsH4/Ph/Ph 1.3b, 32 | 1.4b, 61
2 2-O2N-CgH4/Ph/Ph 1.3c,12 | 1.4c, 61
3 4-MeO-CgH4/Ph/Ph 1.3d,33 | 1.4d, 66
4 4-Br-CsH4/Ph/Ph 1.3e,13 | 1.4e, 62
5 4-HO-C¢H4/Ph/Ph 1.3f,0 1.4f, 78
6 | 1-Naphthyl/Ph/Ph 1.3g, 15 | 1.4g, 60
7 Ph/4-F-/CsH4/Ph 1.3h, 23 | 1.4h, 59
8 Ph/4-OMe-/C¢H4/Ph 1.3i,25 | 1.4i,74
9 | Ph/4-FsC-CsHalPh 1.3j,22 | 1.4j, 63
10 | Ph/4-NC-CsH4/Ph 1.3k, 10 | 1.4k, 52
11 | Ph/2-thienyl/Ph 1.31,31 | 141,69
12 | 2-F-CgH4/4-MeO-C¢Ha4/Ph 1.3m, 27 | 1.4m, 45
13 | 2-F-CgH4/4-NC-CgH4/Ph 1.3n,0 1.4n, 50
14 | 2-F-CgH4/3-O2N-CsH4/Ph 1.30,0 1.40,71
15 | 4-MeO-CsH4/4-MeO-CeHa/Ph | 1.3p, 27 | 1.4q, 58
16 | 4-iPr-CoHa/3-Br-CeHa/Ph 1.3q, 12 | 1.49, 50
Thay doi cac benzoylacetonitrile 1.2
17 Ph/Ph/4-CI-CsH4 1.3r,15 | 1.4r, 60
18 Ph/Ph/4-Me-CsH4 1.3s,15 | 1.4s,63
19 Ph/Ph/4-MeO-CgH, 1.3t, 17 | 1.4t,65
20 Ph/Ph/3-O;N-CsHa 1.3u,10 | 1.4u, 42
21 Ph/Ph/3-CI-CsH4 1.3v, 12 | 1.4v, 45
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Trong céc trudong hop kiém tra, cac 2-aryl-3-cyanothiophene
1.4 déu thu duoc voi hiéu suat tir trung binh téi tét, cac dan xuat 2-
aminothiophene 1.3 thuong 1a san pham phu cta phan @ng. DU chét
dau mang cac nhom chtc ¢ thé phan ng véi Se/H2S nhur NO2, CN
hay halogen (F/CI/Br, CFs), phan &ng van dat duoc hiéu qua tong hop
tuong ddi tét. Piéu nay cho thiy cac diéu kién caa phan tng kha ém
diu, thich hop ngay ca vai cac hop chat mang nhém chic nhay cam.
Mot s loai hop chat da vong thom hay di vong, nhu naphthalene va
thiophene ciing tuong thich vai quy trinh thiophene hoa.

Bang 3.2. Su bién doi ti 1é san pham theo cau tric
va ti I¢ mole cua base hogt hoa.

TN | Base (duong luong) Ti ¢ 1.4a:1.3a | Hiéu suat tong
1 | DABCO (0,5) 51 86%
2 | DABCO (1,0) 6,1 74%
3 | DABCO (2,0) 6,8 86%
4 N-methylpiperidine (0,2) 3,4 85%
5 N-methylpiperidine (0,5) 3,5 80%
6 N-methylpiperidine (1,0) 3,6 83%
7 piperidine (0,5) 2,8 73%
8 piperidine (1,0) 3,9 52%
9 piperidine (2,0) 5,2 30%
10 | NEt3(0,2) 3,4 65%
11 | NEt3(0,5) 3,8 61%
12 | TMP (0,2) 1,7 95%
13 | TMP (1,0) 2,2 95%

Tiép theo, ciu trac cling nhu ti 16 duong luong cua base xic
tac duogc thay doi. Két qua dugc tom tat trong Bang 3.2. Cac amine
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bac hai nhur piperidine ciing nhu base c6 can trg vé mat khong gian la
2,2,6,6-tetramethylpiperidine (TMP) thé hién kha ning xuc tac cao,
tao thanh hai san pham mong mudn véi hiéu suat toan phan rat tét, ty
& gitra hai san pham 1a 2 : 1. Trong moi trudng hop, mac du ty 18 san
pham c6 thé thay doi nhiéu tly thudc vao base dugc sir dung, nhung
d6 chon loc san pham déu tang 1én néu st dung lugng base nhiéu hon.

o)
EtO,C

2 JkF*h
o) 1.5 (1,05 equiv 1
1 ( quiv) Al COE Ss. Arl , 5 CO.Et

Ar2 Ar!l DABCO (20mol %) | o (equiv) o 5/ \»
11 R Ph | 01200 s~ Ph
(1 mmol, 1 equiv)  DMSO (0.2 mL) Ar? l¢] Ar?
80-120 °C 16 h 1.6
30 min 1.A3

Sor d6 3.4 Sir tao thanh cia cac thiophene-3-carboxylate 1.6.

Sau d6, nghién ciru da sir dung diéu kién t6i vu trén dé mo
rong dbi twong phan ung véi cac benzoylacetate 1.5 thay cho
benzoylacetonitrile 1.2 (So do 3.4). Trong truong hop nay, do chic
ester duong nhu khong canh tranh vai nhdm benzoyl nén chi thu dugc
mot san pham duy nhét 1.6. Tinh tong quat caa phan tng dugc kiém
tra v6i cac chalcone mang nhiéu nhdm thé khac nhau. Trong tat ca cac
truong hop dwoc kiém tra déu chi thu duoc cac dan xuit 3-
thiophenecarboxylate mong muén véi hiéu suat trung binh (46-78%).

Cudi cuing, nghién ciru dé xuat co ché caa phan tng nham giai
thich sy hinh thanh ciia 1.3 va 1.4 (So d6 3.5). Sau khi san pham cong
Michael 1.A duogc hinh thanh, dang anion 1.B twong tng sé phan ung
vé6i 1.C tao thanh polysulfide 1.D. Mac du vi tri a cia nhém cyano va
carbonyl thuong cd tinh acid manh hon vi tri methylene, nhung
carbanion thu dugc khi tach proton tir vi tri methylene it bi anh huong
béi yéu t6 khong gian hon, carbanion sinh ra ciing c6 tinh nucleophile
manh hon, phu hop hon cho qua trinh luu huynh hoa.
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Ph Ph” 0 Ph Y0
1.1a 1.A 1B
B,ﬁ - /S\ s Ss 5
: + \ SS S . Y3 s_ _S
1.C

Ph Ph /////;;\\ N
Bz Bz Bz Bz +BH' _S '
I s
S S -B: ©s \Bz A
PR/ O

NH, NH
1.F 1.E 1.D
+B: +B
-BH* -BH*
Ph Ph
o
Bz Bz Bz CN
S | S OH
NH, Ph
1.G 1.1
-H,0 || *S
+1.C | -B: 2 ‘ -H,S
o
S Ph N
S,'S
B Bz
Z
s/ I
Bz~ g~ “Ph
H
1.H 1.3a 1.4a

So d6 3.5. Co ché dé xudt cho phan #ng tgo vong thiophene.

Do ciu trdc nho va thiang, twong tac khong gian cua nhém
cyano véi hai nhom phenyl 1an can trong 1.4a sé yéu. Mat khac, do
lien két hydrogen noi phan tir gitta nhdm amino C2 va nhoém benzoyl
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C3 trong 1.3a, twong tac khong gian manh gitra C3 benzoyl va C4
phenyl cd thé xay ra trong 1.3a. Boi vy, qué trinh vong héa 1.D thanh
1.4a s€& duoc uu tién hon so véi 1.3a.
3.2 Tong hep cac 3-arylquinoxaline-2-thione

Phan @ng giita 2.1a va 2.2a véi luu huynh 1am ngudn cung
lru huynh va DMSO lam chét oxy hoa dugc kiém tra trong mot sé
diéu kién khac nhau (So d6 3.8). Két qua thu duoc trinh bay trong
Bang 3.3.

DMSO H
NH, | | (y equiv) N.__S
+ + SS _
NH, Ar base N
2.1a 2.2a (Zo equiv) 2.3aa
1,2 equiv 1equiv  (xequiv) T°C 16h

So d@6 3.8. Khdo sét phan img tong hop ddn xudt quinoxaline.

Cac amin bac ba nhu N-methylpiperidine (NMPPR),
triethylamine, tripropylamine 1a chat xtc tac c6 hiéu qua cho phan
ng. Nguoc lai, cac base yéu hon (pyridine va 3-picoline) hoat dong
khong hiéu qua. Piperidine khdng thich hop dé lam chat xuc tac vi s&
thu duoc N-(phenylthioacetyl)piperidin 1a san pham chinh. Khi phan
g duoc thyuc hién & nhiét d6 thip hon (60°C), téc d6 bi cham lai
dang ké. Tiép theo, nghién ctu tap trung giam lwong xUc tac base can
st dung. Khi luong NMPPR giam di, hiéu suat phan ung giam dan.
Do DABCO la mot base dang ran dé xu 1y va da dugc ching minh cé
kha ning xtc tac tt cho nhiéu phan ang sunfur héa sir dung lwu huynh
nén DABCO dugc chon dé thay thé NMPPR voi duong luong thip
hon va di cho thdy hiéu qua rat tdt. Cudi cung, bang cach thay ddi
duong lugng luu huynh va DMSO, nghién ciru dé xac dinh duoc diéu
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kién téi wu hoa cho phan ung bao gém st dung sulfur (1,5 equiv),
DMSO (3 equiv) va DABCO (0,2 equiv) (thi nghiém 12).
Bang 3.3. Khdo sdt diéu kién phan ing tong hop ddn xudt quinoxaline.

TN | Sulfur | DMSO base T | Hiéu suat
(equiv) | (equiv) (equiv) (°C) (%)
1 15 3 NMPPR (1) 80 85
2 1,5 3 NEt; (1) 80 78
3 1,5 3 NPrs (1) 80 80
4 15 3 DIPEA (1) 80 75
5 1,5 3 pyridine (1) 80 vét
6 1,5 3 3-picoline (1) | 80 vét
7 1,5 3 piperidine (1) 80 35
8 1,5 3 NMPPR (1) 60 30
9 1,5 3 NMPPR (0,5) 80 75
10 1,5 3 NMPPR (0,2) 80 44
11 1,5 3 NMPPR (0,1) | 80 15
12 1,5 3 DABCO (0,2) | 80 87
13 15 3 DABCO (0,1) | 80 51
14 1,5 6 DABCO (0,2) | 80 32
15 1,5 2 DABCO (0,2) | 80 56
16 1,0 3 DABCO (0,2) | 80 65
17 2 3 DABCO (0,2) 80 86

Cac diéu kién phan tmg tuong d6i 6n hoa cho phép phuong
phép téng hop ¢é tinh chon loc héa hoc cao. Vi du, cac nhém chic
nhu alkoxy (2.3ae-3.3ag, c6 thé bi sulfo héa vong thom) va cyano
(3.3a0, c6 thé bi hydrosulfur héa véi HzS) van tham gia tét vao phan
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ng. Cac nhdm chiic bao gom F, Cl va Br (2.3ah-3.3ak), ciing tuong
thich tot véi diéu kién phan ang (So d6 3.9).

H
o NH2 DMSO (3 equiv) N N_ _S
SRR Y
Pz NH, DABCO (20 mol %) = N/ Ar
2.1 2.2 . 80°C, 16h
(1,2 equiv) (1 equiv) (1,5 equiv)
H
H S MG:Q:NjS
X )
N/ Ar Me N SAr

Ar = EDG-CgH,y
2.3ab, Ar = 4-MeCgHy, 76%
2.3ac, Ar = 3-MeCgHy, 63%
2.3ad, Ar = 4-n-PentCgH,4, 68%
2.3ae, Ar = 4-MeOCgHy, 82%
2.3af, Ar = 3-MeOCgHy, 74%
2.3ag, Ar = 2-MeOCgHy, 91%

Ar = Halo-CgHy
2.3ah, Ar = 4-FCgHy, 88%
2.3ai, Ar = 4-CICgHy4, 96%
2.3aj, Ar = 3-CICgHy4, 71%
2.3ak, Ar = 4-BrCgHy, 82%

Ar = EWG-CgHy

2.3al, Ar = 4-F;CCgH,, 64%
2.3am, Ar = 4-MeO,CCgHy, 66%
2.3an, Ar = 3-MeO,CCgHy, 73%
2.3a0, Ar = 4-NCCgHy, 65%

Ar = EDG-CgHy4
2.3bb, Ar = 4-MeCgHg, 82%
2.3bc, Ar = 3-MeCgHy, 58%
2.3bd, Ar = 4-n-PentCgHy, 77%
2.3be, Ar = 4-MeOCgH,, 81%
2.3bf, Ar = 3-MeOCgHg, 71%
2.3bg, Ar = 2-MeOCgHy4, 69%

Ar = Halo-CgHy
2.3bh, Ar = 4-FCgH,, 91%
2.3bi, Ar = 4-CICgH,, 88%
2.3bj, Ar = 3-CICgH,, 70%
2.3bk, Ar = 4-BrCgHy, 91%

Ar = EWG-CgH,
2.3bl, Ar = 4-F3CCgHy, 51%
2.3bm, Ar = 4-MeO,CCgH,, 64%
2.3bn, Ar = 3-MeO,CCgHy, 64%
2.3bo, Ar = 4-NCCgH,, 69%

1
A

i r’
©: i@\ - \"” \”(\9\?« D[ K(j
- R = H, 2.3ap,

70% N
2.3al, 64% 2.3al R = Me, 2.3bp, 62%

So do 3.9. Khdo sét pham vi ciia phan #ng véi diamine doi xing.
Dé tim hiéu co ché phan tng, nghién ctru di tién hanh mot s6
thi nghiém kiém chung. Khi khéng c6 DMSO lam chét oxy héa, phan
g cua 2.1a véi 2.2a din dén benzimidazole 2.4. Két qua nay nhén

manh tim quan trong cia DMSO 1a mot chat oxy hoa dac hiéu dbi véi
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sy hinh thanh caa quinoxaline 2.3aa. Trong khi 2.1a kha 6n dinh,
khong thay dbi khi khdng c6 mat 2.2a (eq. 2, So d6 3.11) thi alkyne
2.2a trai qua qua trinh dimer sulfur hda tao thanh 1,3-dithiole 2.5 khi
dun noéng véi lvu huynh va DABCO (eq. 3, So do 3.11). Qué trinh
dimer hda 2.2a xay ra ngay ca khi khéng c6 mat DMSO. Mat thi
nghiém kiém soat bd sung dé so sanh kha ning phan ung giita
phenylacetylene 2.2a va chit tuong duong tong hop acetophenone 2.8
(eq. 4 va 5, So dd 3.11) da duoc tién hanh.

Nz DABCO (20 mol %) N  Ph
+ =—Ph + S — > %
80°C, 16h N (eq. 1)
NH, N
2.1a 2.2a )
2.4, 65%
(1,2 equiv) (1 equiv) (1,5 equiv) .
NH, DMSO (3 equiv) L
+ § ———>—— thuhdilsi2da (gq 2)
NH, DABCO (20 mol %)
80°C, 16h
21a ) ,
1
(1,2 equiv) ,5 equiv

DABCO (20 mol %)

Ph_g
=-ph + S — > \[ S— (eq. 3)
s Ph

DMSO
80°C, 16h
2.2a ) '
2.5, 45%
(1 equiv) 1,5 equiv o
DABCO (x mol %) 8
PANH, + =—pPh + S5 ————————> (eq. 4)
DMSO (3 equiv) PhHN Ph
) 2.2 .
1,2 equiv “ eqjiv) 1,5 equiv 80°C, 16h 74 x =0,2; 45% (eq. 4a)
x=0;0% (eq.4b)
o)
DABCO (20 mol %) S s O
PANH, + | )kph gy v M4 (ea.5)
DMSO (z equiv) PhHN ~ Ph PhHN  Ph
2.8 80°C, 16h
1,2equiv (1 equiv) Y equiv y z 2.7a 29

1 0 vét 0 (eq. 5a)
4 0 20% 0 (eq. 5b)
15 3 vét 40%  (eq.5c)

Sor d6 3.11. Cac thi nghiém kiém chitng co' ché phan g tao vong
quinoxaline.
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Trén co so nhirng két qua thu dugc, nghién ciru da dé xuat co
ché thich hop cho phan tng (So d 3.12). Khi c6 tac nhan N-
nucleophile, 2.C sé phan ung vai o-phenylenediamine 2.1a sinh ra
enethiolate 2.D dugc 6n dinh bang lién két hydrogen noi phan tir giita
thiolate va nhém o-NH; ty do. Lién két hydrogen nhu vay s& khdng
xuat hién néu aniline dwoc sir dung thay cho o-phenylenediamine 2.1a.
Thuyec té, thioamide 2.7a twong ddi bén vai qua trinh oxy hda thanh oxo
thioamide 2.9 bang DMSO (eq. 5, So d6 3.11). Vai trd cia DMSO la
tai tao luu huynh tir H2S hinh thanh trong sudt qua trinh va thuc day
sy oxy héa 2.D thanh 2.F bang cach ting cuwong kha nang phan ng
oxy héa cua 2.A.

25
B: = DABCO ® M
-Sh_ ©
® (‘=—ph o H - BUNNg
B:+Sg — B.__S B._5,)C —
s s51® S/Sn\S&Ph & Pn
2.A 2.8 2¢
2.1a l
®
s...CB e
Ph s-H o O HJM s Oy s Ph (s—-H\
7 NH -Hss, S <X~ NH 2.2a \Q( NH

s)\Hi‘ 5= LN <T»\_/ Y
2F [ j 2E [i . [ j
g gl
e DMSO

H, ———— > Sq
2.3aa -DMS, - H,0 2.4

Sor d6 3.12. Co ché dé xudt cho phan ing tzo vong quinoxaline.

Cudi cing, nghién ciru da thu duoc mot s6 két qua cho thay
tiém nang phat trién cia phan @ng. Khi sa dung o-
bromophenylacetylene 2.10 Iam chat dau alkyne phan tng véi o-
phenylenediamine 2.1a c6 mat 2 duong lwong triethylamine lam base
s& thu dwoc hop chit da di vong ngung tu benzo[4,5]thieno[2,3-
b]quinoxaline 2.6 v&i hiéu sut trung binh (So d6 3.13).
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NH2 DMSO (3 equiv) N\ IS
w0 e (Y
80°C, 16 h
210 2.6, 49%
(1 equiv) (2 equiv)

So do 3.13. Tong hop benzo[4,5]thieno[2,3-b]quinoxaline 2.6.

Tiép theo, nghién cau cho thiy mot s hop chét c6 thé dong
vai tro 1a chat du thay thé phenylacetylene nhu dan xuit styrene 2.12a
hodc cinnamic acid 2.12b. Mic du c6 trang thai oxy hda thap hon
nhung 2.12a va 2.12b ciing c6 kha nang phan ung twong tu 2.2a, trong
d6 budc dau tién 1a qua trinh cong sulfur vao lién két doi (So db 3.14).
Céc két qua nay dd mo ra hudng di méi cho viéc tong hop bo khung
quinoxaline véi su lua chon linh hoat vé nguyén liéu ban dau.

NH, DMSO (3 equiv) H S

O rom s w222
NH, base (z equiv) N/ Ph

80°C, 16 h

212

2.1a (1 2 equiv) (2 equiv) 2.3aa

2.12a, R = H, DABCO (0,2 equiv), 52%
2.12b, R = CO,H, N-methylpiperidine (1,5 equiv), 35%

So d6 3.14. Tong hop 3-phenylquinoxaline-2(1H)-thione (2.3aa) tir
céc alkene.

3.3 Tong hop cac din xuat furan da nhém thé

Khi dun néng hdn hop 3.1a va 3.2a (1,0 equiv) véi DBU 10%
mol trong DMSO & 80°C trong 2 h s& thu dugc san pham cong
Michael. Thém tiép luu huynh (1 equiv) va base vao hdn hop thu duoc,
day kin rdi dun nong va gitt & nhiét 4o ¢b dinh s& thu dwgc din xuat
furan 3.3a. Két qua cho thay giai doan sau cta phan tmg duoc tdi uu
héa khi sir dung DABCO (2 equiv) rdi dun ¢ 120°C trong 16 h.
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Bang 3.4. Khdo sdt diéu kién phan ing tong hop dan xudt furan.

1. DBU (10 mol%) bn Ph
Ph—\\_/<o . j\/ N DMSO, 80°C, 2 h) e
Ph Ph 2. Sg (x mmol) Ph" o
3.1a 3.2a base (20 mol%) 33a ©
(1 equiv) (1,02 equiv) T°C,16h

TN | Sulfur (x mmol) | Base (y mmol) | T (°C) | Hiéu suat (%)

1 1 - 80 0

2 1 DABCO (0,5) 80 30

3 1 Piperidine (0,5) | 80 38

4 1 TMP (0,5) 80 24

5 1 DABCO (0,5) | 100 46

6 1 Piperidine (0,5) | 100 20

7 1 DABCO (0,5) | 120 58

8 1 DABCO (1) 120 63

9 1 DABCO (2) 120 52

10 2 DABCO (1) 120 76

Nghién ctru tiép tuc khao sat pham vi caa phan ng bang cach
thay dbi cac chalcone 3.1 va deoxybenzoin 3.2 (So db 3.16). Cac
chalcone mang nhém day electron (MeO), trung tinh (methyl, i-propyl
va phenyl), halogen (Cl va Br) hoic nhém hit electron (nitro) déu
tham gia phan mg ngung tu oxy héa tao ra cac triarylfuran tir 3.3b dén
3.3r. Pang chu ¥ 1a cac dan xuat chalcone mang di vong pyridine,
furan va thiophene phan ung dé dang dé tao ra cac san phdm tuong
{rng (tir 3.3s toi 3.3v) Vi hiéu suat tét.

Dé hiéu rd hon vé co ché phan tung, cac thi nghiém kiém soat
di duoc tién hanh (So d6 3.18). Pun néng 3.1a va 3.2a véi DABCO
(2 equiv) trong DMSO ¢ khoang tir 80 dén 120°C trong 16 h khi khdng
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c6 mat luu huynh chi dan dén sy hinh thanh cia san pham cong
Michael 3.A1 (eq. 1).

1. DBU (10 mol%) , 1
1 Ar Ar
Ar —\\_/<0 o DMSO, 80°C, 30 min) Az
+ . r
Ar2 Ar)J\/Ar 2. Sg (2 equivl) Ar o
31 3.2 DABCO (2 equiv) 33 ©
(1 equiv) (1,02 equiv) 120°C, 16 h

Thay doi chalcone 3.1
R_/—
T~
N7 pn
ph. U\
o) Ph
3.3i, R = p- Ph 63%

3.3j, R=p-OMe, 71% 3-3p,R'= R2 =Cl, 75%

— o
3.3b,R=p-Me, 69% 5 sk R=mcl68%  3.3q,R'=R2=0Me, 73%

3.3c, R = p-iPr, 67%

3.3d R = o-Me, 67% 3.3 R = 0-Cl, 59% 3.3r, R=Ph, R? =Br, 59%
3.3¢, R = m-Cl, 68% 3.3m, R = m-Br, 64% _~_ Ph Ph
3.3f, R=p-Br, 71% 3.3n, R = p-NO,, 56% /
3.3g, R = m-Br, 65% 3.30,R=m-NO,, 52% N\ /N Ph
- o
e g °
-4 f 3 3.3s, 65%
Xy
1 \\? Ph
Ph. N " — l
O Ph L 8¢ ¥\;-/b\m/ q’I—S\
S ,W
. y \_'/\\
3.3h, 73% 3 3t, 67%
Z4
/ Ph
O
ph. U\ o
(0]
O
3.3u, 57%

3.3v, 72% 3.3v
So do 3.16. Nghién cizu pham vi phdn iing khi thay doi chalcone.
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Ph Ph DMSO, 80-120°C, 16 h)  pp,
3.1a 3.2a (o}
(1 equiv) (1,02 equiv)

Ph o) o) DABCO (2 equiv) Ph
M + )K/Ph I_g\«Ph (eq. 3.1)

Ph  Ph Sg (x equiv) Ph Ph

Ph DABCO (y equiv) I\ Ph (eq. 3.2)
Ph P
o o DMSO, 80-120°C, 16 h)

3.A1

X X X X
o nn

furan.
Dua trén két qua thu duoc, nghién ciru da dé xuat mot co ché
thich hop cho phan tng (So db 3.19).
®
B + S — B s,

vi tri c6 tinh
acid cao nhat 3.X

® S]
Ph  Ph B) 'Sn Ph  Ph g

A\F»’h/F’h
Ph +B o} /
2 3.X
th — — PhJ_%?Ph
o 6} o

-BH*

P o 0
3.A1 ! 3.c
TDBU +Bj-BH+
3.1a+3.2a
o
Ph  Ph Ph  Phrg-
Ph  Ph N on ) g,
+ ~Sn O H
o sJ) o BH H,O S © A O
3.F 3.E 3D
Ph l Ph Ph Ph Ph Ph
/ S Ph i» ]\ Ph /U\th
Ph™ o Hs P o Ph™ s
o] o)
3.6 ° 3.3a 3.4a

So d6 3.19. Co ché dé xudt cho phdn ing tgo vong furan.
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KET LUAN

1. Nghién ciru da phat trién mot phuong phap hiéu qua nham
tong hop hai loai din xuét quan trong cta thiophene thong qua phan
ting ba thanh phan st dung luu huynh, chalcone va benzoylacetonitril.
Trong d6, cic 2-aryl-3-cyanothiophene 1a san pham chinh cé thé thu
dugc tryc tiép cung v6i cac 2-aminothiophene 14 san pham phu. Ty 1&
cac san pham c6 thé thay doi bang cach thay doi cac base kich hoat
cling nhu ti 1€ mole ctia chung nhung cac 3-cyanothiophene ludn la
san phdm chinh. Viéc mo rong phuong phap nay ddi véi cac
benzoylacetate thay cho cac benzoylacetonitril tao thanh cac dan xut
thiophene-3-carboxylate voi higu sudt tir tot dén rat tot.

2. Nghién ctru da phat trién mot phuong phap méi téng hop
truc tiép cac dan xuat 3-arylquinoxaline-2-thione sir dung luu huynh,
cac phenylacetylene va o-phenylenediamine. Phan ung da khai thac
kha nang hoat hoa doc déo ctia luu huynh trong DMSO véi su ¢6 mat
cia DABCO lam chét xtic tac base ma khong can sy c6 mit ciia kim
loai chuyén tiép. Nghién ctru pham vi phan tg cho thiy ring phuong
phap c6 thé dugc 4ap dung cho cac phenylacetylene va o-
phenylenediamine mang nhom thé da dang tao thanh san pham mong
doi ¢6 hiéu suat cao va kha ning tinh ché dé dang bang cach loc rira
don gian. Tir két qua nghién ciru, co ché cua phan tng di duoc dé
xuit. Phuong phap c6 thé duoc 4p dung truc tiép hodc mé rong nham
tébng hop cac quinoxaline dudi dang san phim cudi cing hodc san
pham trung gian dé tiép tuc chirc hoa trong téng hop hitu co.

3. Nghién ctru da chi ra hé S¢/DMSO c6 thé dong vai tro 1a
mot tac nhan oxy hoa linh hoat cho qua trinh vong hoa tach hydrogen
clia cac pentan-1-one tao thanh cic dan xuat furan da nhom thé véi

hi€u suat tot. Su dung chat dau san c6 la cac deoxybenzoin va
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chalcone, qua trinh tong hop cé chi phi thap do khong can cac kim loai
chuyén tiép hay méi truong tro. Phan tmg ciing cho thiy pham vi ap
dung rong rii khi chat dau c6 thé mang nhiéu loai nhém chirc nhu
halogen, NO2, pyridyl, thienyl... Do &6, phuong phap nay c6 nhiéu kha
ning mg dung thuc té tong hop hitu co, duge pham va vat lidu.
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